An assay has been developed for the proteinase inhibitor-inducing factor (PIIF), a wound hormone. PIIF is present in tomato (Lycopersicum esculentum var. Bonnie Best) leaf extracts and induces accumulation of proteinase Inhibitor I when the extracts are supplied briefly to excised leaves that are subsequently incubated in water under constant light. An active water-soluble crude PIIF solutioit was cosiveniently prepared from autoclaved and lyophilized tomato leaves. Accumulation of Inhibitor I, induced by crude PIIF, is linear, commencing at about 8 to 10 hours after feeding and continues for several hours. Evidence is presented that the PIIF-induced accumulation of Inhibitor I, determined immunologically, is accompanied by the accumulation of other trypsin and chymotrypsin inhibitors, determined enzymatically. (30-10-10), and 0.001% ferric iron. Unless otherwise mentioned, plants were used for assay when they were about 7.5 to 10 cm in height and having two well formed leaves and a third, smaller apical leaf. The assay for PIIF in excised leaves, described herein, requires that the young plants be grown pest-free and with optimal additions of fertilizers. We have found that leaves from plants supplied with low levels of nitrogen or iron do not respond well to PIIF, nor do plants grown under subdued light. On the other hand, if healthy young plants are transplanted after the root systems have become well established the roots tear and apparently release PIIF, resulting in high levels of inhibitors in the leaves. Inhibitor I was assayed immunologically by the method of Ryan (10). Purified Inhibitor 1 (9) from potatoes was used as a standard. Tomato and potato Inhibitor I are immunologically very similar (4), but the quantitation is relative to the potato Inhibitor I, since the tomato Inhibitor I has not been fully purified.
Wounding of tomato or potato leaves by insects results in the light-dependent accumulation of proteinase Inhibitor I in leaves throughout the wounded plants within a few hours following wounding (2, 3) . The wounded leaf tissue releases a hormone-like substance, PIIF,3 that is translocated from the wound to the other tissues of the plant where it induces a lightdependent accumulation of Inhibitor I (3) .
In this communication a quantitative assay for PIIF in tomato leaf extracts is described. Utilizing this assay, several properties of the PIIF-induced proteinase inhibitor system have been studied. ' (2) . The wound was made in various locations on the leaflet or its petiole (Fig. 1) . The plants were incubated 24 hr under 800 ft-c at 31 C and the juice of the uppermost unwounded leaf was assayed for Inhibitor I (2) .
The amount of inhibitor accumulated in adjacent, unwounded leaves was dependent upon both the size and location of the wounding (Fig. 1) . The A stock supply of leaf tissue was prepared by autoclaving several thousand grams of tomato leaves and freeze-drying them. PIIF was readily solubilized from the freeze-dried leaves. Dispersion of from 20 to 50 mg of the dried leaves per ml water and clarification by centrifugation at 15,000g resulted in a green liquid that, when supplied to excised leaves, causes appreciable induction of Inhibitor I when incubated 24 hr in light under 800 ft-c at 31 C. Figure 2 shows the effect of supplying excised leaves with a water extract of 37 mg of dry leaves per ml for periods of time ranging from 2 to 30 min. Even a 2-min incubation period gave nearly maximum induction of accumulation of Inhibitor I. It was determined with T20 that in 2 min about 1 to 2 ull of crude juice was taken up by the leaves. It is assumed that the uptake was effected by transpiration of the leaf. The distance from the cut petiole to the leaf tip that PIIF had to travel was usually about 5 to 7 cm.
An estimate of the potency of PIIF in the lyophilized tomato leaves was obtained by dispersing different quantities of autoclaved, dry tomato leaves in water, centrifuging, and allowing the extracts to be taken up by excised tomato leaves for 15 min, then incubated in light as before. Figure 3 shows that the accumulation of Inhibitor I is dependent upon the concentration of dried leaf solubles below about 30 mg of dry leaf per ml water. At very high concentrations (100 mg if dry leaf tissue per ml water), accumulation was apparently inhibited. At this concentration, the leaves wilted somewhat while supplying the solution. Some of the soluble leaf materials may have been toxic to the leaves. It is also noted that the amount of inhibitor I that accumulated differed with different lots of plants. This is apparently a fertilizer effect and is under study.
For further studies of the physiological properties of PIIF a standard solution of dry leaf solubles of 50 mg per ml was routinely prepared. This solution is called "crude PIIF" and produced maximum accumulation of Inhibitor I when supplied Figure 2 . The average accumulation of Inhibitor I in four leaves is plotted with the variability shown by bars.
to the leaves for 15 min and incubated for 24 hr as described above.
Time Course of PIIF-induced Inhibitor I Accumulation. Crude PIIF was supplied to 42 young excised tomato leaves for 15 min, followed by water for 24 hr at 800 ft-c and 31 C. The accumulation of Inhibitor I in the leaf juice was determined at various times after the addition of crude PIIF (Fig. 4) . Inhibitor I could not be found in the leaf juice for several hours following the uptake of crude PIIF. At about 10 hr the inhibitor began to accumulate and continued to do so at a steady rate for the duration of the experiment (31 hr). In several repetitions of this experiment the lag period of accumulation was consistently about 8 to 10 hr.
Total PIIF-induced Proteinase Inhibitor Activity in Tomato Leaves. Total inhibitory activity against chymotrypsin and trypsin in the juice of induced tomato leaves was determined spectrophotometrically. The clarified juice from very young tomato plants was not suitable for these assays. When this juice was added to either the chymotrypsin or trypsin assay system a colloidal precipitate formed that prevented measurement of enzyme rates. However, such interference was not observed in the juice of young leaves from older plants. Table IL Autoclaved, freeze-dried tomato leaves provided a convenient source of crude PIIF with which to study the properties of the PIIF-induced accumulation of Inhibitor I in excised young tomato leaves (Figs. 2 and 3) . A water extract of 50 mg dry leaves/ml water was routinely prepared and was clarified by centrifugation at 15,000 rpm. This solution, when supplied to young excised tomato leaves for 15 to 20 min, maximally induced accumulation of Inhibitor I after the leaves were transferred to water under 800 ft-c at 31 C for 24 hr (Fig. 2) .
The time course of the PIIF-induced accumulation of Inhibitor I in excised leaves exhibited a lag period of about 10 hr during which no Inhibitor I accumulated. Thereafter Inhibitor I accumulated linearly at a rapid rate for several hours (Fig. 4) . In the absence of crude PIIF no Inhibitor I accumulated.
The accumulation induced in leaves by crude PIIF includes other proteinase inhibitors besides Inhibitor I. Table II demonstrates that considerably more inhibitory activity against chymotrypsin and trypsin is present in induced leaves than can be accounted for by Inhibitor I estimated immunologically. Inhibitor I is known to inhibit three times its weight of chymotrypsin (9) . The total inhibitory capacity increased far beyond this capacity. Based on a mol wt of 25,000 for chymotrypsin (6) and 9500 equivalent weight for inhibitors (9) , a rough estimate of 725 ,ug of inhibitor proteins accumulated per ml leaf juice in PIIF-treated leaves, more than double the concentration of Inhibitor I. The differences are, in fact, much greater than shown, since the immunological quantitation of Inhibitor I is probably an overestimate because potato Inhibitor I was used as a standard and tomato Inhibitor I has been shown to be lacking some determinants. The purification of tomato Inhibitor I, now underway, hopefully will provide both the antiserum and standard for the absolute quantitation of tomato Inhibitor I in future studies.
The (8) for the GA-induced synthesis of amylase and proteinase production in barley half seeds. In barley GA added to isolated aleurone layers evokes cytological changes during the lag period similar to those that take place during normal germination; that is, vacuolation, breakdown of aleurone granules and an increase in the number of polysomes, mitochondria, and microbodies (17) .
The metabolism is shifted by GA from a dormant or low metabolic rate to a very active metabolism. This contrasts with the tomato leaf cells in which induction by PIIF is taking place in a vigorously metabolizing expanding leaf. The protein metabolism of the leaf is apparently redirected to the production of large quantities of proteinase inhibitors.
Evidently PIIF is turned over rapidly in the intact plant, since a single severe wound to a leaf of a growing plant results in inhibitor accumulation for only a day or two (Ryan, unpublished observation). Repeated woundings reinforce the accumulation, but within a couple of days after cessation of wounding, the total inhibitor levels peak and slowly decrease over several weeks.
We had studied the accumulation of Inhibitor I in excised leaflets for several years (11) (12) (13) (14) (15) With the assay system described herein, the purification of the PIIF factor is underway. It is anticipated that the purification of this substance will facilitate the study of the underlying mechanism of the wound-induced accumulation of proteinase inhibitors in plants. The rapid, specific response of excised leaves to this substance provides a simple, uncomplicated system for the study of protein synthesis and its regulation in plant leaves. The purification of PIIF should also bring us closer to understanding the ability of plants to respond to insect attack by producing proteinase inhibitors, and its possible role in plant protection as a primitive immune response.
